® 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



0 Pubncalion number: 



0 395 583 

A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 90810308.8 
(§) Date of filing: 18.04.90 



® Int. CI.5: C08G 77/46, C08F 30/08, 
C08F 246/00, G02B 1/04 



® Priority: 24,04,89 US 342848 
24.04.89 US 342847 

@ Date of publication of application: 
31.10.90 Bulletin 90/44 

® Designated Contracting States: 

AT BE OH DE OK ES FR GB GR (T U LU NL SE 



0 Applicant: CIBA-GEIGY AG 
Klybeckstrasse 141 
CH-4002 Basel(CH) 

@ Inventor: Robertson, J. Richard 
3415 Aubusson Trace 
Alpharetta, Georgia 30201 (US) 
Inventor: Su, Kal 0, 
13090 Hopewell Road 
Alpharetta, Georgia 30201 (US) 
Inventor Goldenberg, Merrill S. 
626 Kent Avenue 
Teaneck, New Jersey 07666(US) 
Inventor: Mueller, Karl F. 
119 West 77th Street 
New York. New York 10024(US) 



@ Wettable. flexible, oxygen permeable contact lens containing block copolymer 
polysiloxane-polyoxyalkylene backbone units. 

® Contact lenses which are optically clear, wettable. flexible, and of high oxygen permeability In the aaueous 
ocu ar environment of use. of a block copolymer containing polysiloxane anrpolySyal^iene ^ 
disclosed, as well as the preparation thereof and methods of treating vision defects ihZvZ 
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Wettable, Flexibfe, Oxygen PermeabJe Contact Lens Containing Block Copolymer Polyslloxane-Pblyox- 

yalkylene Backbone Units 



This invention relates to ophthalmic devices, such as contact lenses and intraocular implants, and 
particularly contact lenses of a block copolymer containing polysiloxane and polyoxyalkylene oxide units 
possessing an advantageous blend of desirable properties including a) high oxygen permeability, b) good 
wettability, c) flexibility and d) optical clarity, In the ocular environment of use. The invention further relates 
f to the polymers from which the ophthalmic devices are fabricated and the special macromers used to 
prepare the polymers. 

The use of siioxane containing materials of various types in the fabncation of ophthalmic devices is well 
known. 

Thus, in U.S. 3.996.187: 3.996.189; 3.341.490 and 3.228.741 there are described Contact lenses 
) fabncated from poly (organosiloxanes) containing fillers. While such tenses are generally soft and of high 
oxygen permeability, the use of fillers such as silica, is indicated in order to increase the otherwise 
generally poor tear strength and tensile strength. Also, such silicone rubber lenses are characteristically 
both hydrophobic and lipophilic. 

U.S. 3.808.178 discloses hard contact lenses fabricated from copolymers of a polysiloxanylalkyi acrylate 
; or methacrylate ester and an alkyi acrylate or methacrylate ester. The monomers and polymers of the 
patent are hydropnobic and are incompatible with hydrophilic materials such as hydroxyethyl methacrylate. 
While the disclosed lenses have increased oxygen permeability, they are rigid. 

U.S. 4.136,250 discloses hydrogels of a copolymer of about 20 to about 90 % of a hydrophilic (or 
mixture of hydroomlic and hydrophobic) monomer and about 10 to about 80 % of a pofyolefinic siioxane 
macromer which can be used to fabricate a contact lens. Typically, such materials are recited to possess a 
degree of swelling of about 10 to about 12 %. It has been found, however, that the presence of substantial 
amounts of water therein limits the oxygen permeabiRty of such materials. 

U.S. 4.153.641 relates, in relevant part, to contact lenses fabricated from a polymer of a polyor- 
ganosiloxane terminated with vinylic groups, or copolymers thereof with other monomers. The exemplified 
products therein are hydrophobic in nature. 

U.S. 4.486.577 relates to copolymers of about 8 to 70 % of a polysiloxane macromer containing at least 
two vinyl groups and 30-92 % of a monomer which is at least predominantly water insoluble to make 
polymers useful, for example, as contact lenses. 

Generally, such prior art contact lens compositions are either insufficiently hydrophilic in terms of 
surface wettability to be acceptable to the contact lens profession, even though they may possess high 
oxygen permeability, or such contact lenses are of acceptable wettability but the hydrophilicity is coupled 
with water swellability. which tends to limit optimum oxygen permeability. 

It is an object of the present invention to overcome these and other disadvantages of the art by 
providing ophthalmic devices, such as contact lenses and corneal implants, possessing a high degree of 
surface wettabili^/ and possessing a high degree of oxygen permeability notwithstanding their swellability 
by employing a crosslinked block polymer containing polysiloxane and polyalkylene oxide units. 

A further object of the invention is to provide a method of correcting visual defects in the fonn of 
refractive errors by fitting to the patient's eye in need of the same a corrective contact lens of such 
polymer. These and other objects of the invention are apparent from the following detailed descriotion of 
the invention. 

Another object of the invention is to provide novel macromers for accomplishing the above objects. 

The present invention is directed to macromers. polymers derived therefrom, ophthalmic devices 
obtained from such polymers as well as methods of manufacturing each of the foregoing. Each of the above 
invention materials comprises segments ''Seg" of the formula 
{R.*-Sil-[(L)h-Ri4-Sil]n-(L)h-R,s-A-(L-R.s-Al„,> (I) 

wherein Sil is a divalent poly(disubstituted siioxane). A is a divalent polyoxyalkylene oxide (which may be 
substituted). R.s is oxygen or an amino nitrogen. Rt* is a bond, an amino nitrogen, or. when the adjacent 
atom of Sil is other than silicon, it may also be oxygen. L is a divalent finking group, n Is an integer of 0 to 
3. and m is an integer of 0 to 10. 

The present invention relates to novel macromers, polymers fabricated therefrom, ophthalmic devices 
prepared from the polymers (especially contact lenses and intraocular lenses), as well as methods of 
manufacture of each. TTie ophthalmic devices ultimately fabricated are optically clear, hydrolytically stable 
biologically inert weitable. flexible, of good mechanical strength, oxygen permeable, and when fully swollen 
in their environment of use have a water content of at least 10 %. 
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The macromer is a reactive monomer having a segment "Seg" of the formula 
<R.i-SiK(L)h-R.*-Sill,-(Uh-R.s-A-{L-R,s-Al„> (I) 
more preferably a segment "Grp* of the formula 

<R.$-A-(L.fl.s-A}^(L)h)3-(Seg-(L)hVSeg-({LH..R,«-SiK(L)h-R.«.Sil]„)s- (||) 
s and most preferably the monomer is of the formula 
Cap-Qrp-Cap (III) 

rUSra o?r "C^P" « separate variable): 

e is zero or 1; 
10 a plus e is 1: 

iom: ' but may also be zero when the atom of SH. to which it would otherwise be attached, is a carbon 
n is zero to 3; 

m is zero to 10. preferably zero to 3; 
/s p is zero to 7; ' • 

each Rw is a bond. -N(R. or -O- except that Ru cannot be -O- if it is attached directly to a silicon afom- 
R.3 .s .0. or .N(R.).. with R. being hydrogen. C.-*alkyl. or phenyl; ^ 
each Sil is independently of the formula 



20 

] 



25 



-f(-R2)b-(Si-0)y-Si-(R5VRi4-}- (IV) 
R4 R4 



in which Rj and Rs are each independently branched Ci-raikvlene carhnnvi r 
30 each b and f is independently 0 or 1; 

eKh L Is IMependMy sgtected from -l, H. L,- wherein L, and L, «e eacB ioaep««,n«, 

35 - C -O or 
o 

40 - C - or a bond, and each Re is independently selected from 

i) a divalent aliphatic group of up to 25 carbon atoms: 

ii) a group of the formula 

my"^m^'''^'^' "'""^"^ cyclMlipheBc o. »vl .f up „ a ca«x». alon,s.Q„,KC.-„a.pha«c). 



SO 



55 



Qis.o.. i-o., .0.1. -A., -A-?-, .La., .oLa-. .a-L. .0.L 

or -N~C— N- ; and D is 1 to 3; 



each A is independently of the formula 
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I 



-C~(C),~C-0- 
R? Rg R? 



I 



I 



■C-(C)r--C-R,5- 

R7 Rj R7 



(V) 



10 



IS 



20 



25 



30 



35 



40 
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wherein each r is 0-4: 

Us 3-200. in which preferably at least 30 %. more preferably at least 50 %. still more preferably at least 75 
... most preferably 100 •'<,. of the A groups of fomiula V within any one macromer of fom,ulae HI! are 
Jmited to having homopolymeric sub-blocks of not more than 15 repeating units, preferably not more than 
10 repeating units, more preferably not more than 7 repeaSng units, most preferably not more than 4 
repeating units: each R, is independently selected Irom groups 1) and iii) below and each R« is 
independently selected from groups if-iv) below: 

i) hydrogen, halogen. unsubsUtuted C.-salkyl. substituted C-.-alkyl. unsubstituted Cz-salkenvl 
and substituted C2-.,alkenyl. wherein a) the substituents on the alkyi and alkenyl groups in I) are 
independently selected from fluoro. C-.alkoxy. C-t-alkanoyloxy. C-.,alkoxy-C(0)-. C^-salkenyloxy- 
C(0)-. C-salkenoyloxy. aryl of up to 10 carbon atoms, aryloxy of up to 10 carbon atoms, aroyi of up to 11 
carbon atoms, aroyloxy of up to 11 carbon atoms, aryl (of up to 10 carbon atomsHJxycarbonyl. C,-,cvc- 
loalkyl. C,-8cycloalkoxy. (C-acycioalkyD-carbonyloxy. (C,.,cycloalkoxy)cart)onyl. oxacycloalkyi of up to 7 
carbon atoms, oxacycloalkoxy of up to 7 carbon atoms, oxacycloalkoxy (of up to 7 carbon atoms)<arbonyl. 
!1 K^. f *° ^ atomsKarbonyloxy: and b) each alkyI and alkenyl group in aT^ng 

Tot , ofn^' '"?"'"'r* ^'-''"'y'- °' P~^<'«' fat last mention^ 

alkoxy IS not bound to a carbon already singly bound to another oxygen atom- and 

11) C.-.salkoxy. Cz-salkanoyloxy. C.-salkoxy-QOK Ca-.galkenyloxy.C(0)- and C,-.,alkenoyloxy 

fh^^ih!. ZT T T'' ^' °' ^^-^^^ «^ C, ^alkW proS 

that the last mentioned alkoxy is not bound to a carbon atom which is singly bound to another oxyoen- 

(III) aryl of up to 10 carbon atoms. C,-,cycloalkyl. and oxacycloalkyi of up to 7 carbon atoms' each 
of which IS unsubsetuted or substituted by a substituent selected from ihose indicated in i)a) and b) above 

rrn^r^!" ^ '° °< "P 8 carbons, cyctoalkyi (of up to 8 carbonsV 

C(0)0-. cycloalkoxy (of up to 8 carbons)-carbonyl. aroyloxy of up to 11 carbons, oxacycloalkoxy of up to 7 

""^ " ^ '"^^'='°^koxy (of up to 7 carbon atomshcarSonyl. 

oxacyctoalkyi (of up to 7 carbon atomsKarbonyloxy. aryloxy of up to 11 carbon atoms, and aroyloxy of uo 
to 11 carbon atoms, each of which is unsubstituted or substituted by fluoro. C.-saikyl. or C.-,alkoxv 
provided said last mentfoned alkoxy is not bound to a carbon atom which is singly bound to anS 
o^gen: and 2 adjacent groups R, and R,. together with the atoms to which they are attached may define a 
5-8 membered cycloalkyl. cycloalkenyl. or oxacyctoalkyi ring or a 6-1 4 membered bicyclo-nno 

Each Cap is independently selected from 
i) a vinyl containing group of the formula 
R- s (UMRs )w(A- MLjW J(Rs )m{L5 )g(R« MU>rK (VI) 
or ii) a group of the formula 

R'/(l^)^R8)w{A.)v{L3aj(R,)M(L3)o(Rs)y(U)rJ-2 (VII) 
at least one Cap per macromer being of formula VI; wherein 
R*s is of the formula 



so 



^10 



H2 



Ml 



c=c- 



(vin) 



%00R wilh'R''SrH°H^'"""'^'"'.!f?'' '"''«P«"^«""V hydrogen. C..;alkyl. or 

-ouuH!3 wiln H13 being hydrogen or Ci-4alkyl; 

55 w. X and 2 are each independently zero or one but if w is zero, one of x and z must be zero: 



4 
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L3 is -C- , -0-C- . -N— C- 

s 

wilh iho right hand portion attached to 6rp provided that the Grp atom to which L3 is attached is not a 
carbonyl cartwn. an amido nitrogen or a carboxy oxygen and L, is -O- or -NR.- when such Grp atom is a 
carbonyl carbon; *^ 

'» , . 't J ^ f' ? ? f- ? f- f. If 

L4IS -C-. -0-C-. -C-0-. -N— C-. -C— N-, ^-C-O-, -N—C— N- or -N— C-0- 
when w is one. and setected from the same group as I3 when w is zero; 

IS 



8 ^^7 



20 



A, is -^g-^C)h:-o^.7; 

• R7 Rs R7 



L3 is -C(0)NH- with the carbonyl attached to R* or J: 
U is -QONH- with the nitrogen attached to Re or R9; 
25 J is -O or -NH.; 

G. Y. M. T. V. and Z are independently 0 or l, but if Y is zero, then G Is zero and M Is one: and 



30 



3S 



40 



f 7 fs R7 
R9is -fC--(C)p-c-o-)n7; 
R? Rs R7 

and R- 7 is selected from 

a) H. NH,. OH. -NCO. -NCS. -C(OH,alogen and COOR.^ when the non-R.. atom to which it is 
part'^a n>.^ "°"* ' ^^"'^^^ "^"^ '° » *s attached is a carbon which is 

b) H. -C(0)-hal09en. -C(0)-R.2. -C(0>-0R.2 and R., when the non-R,, atom to which It is attached is 
an oxygen other than a carboxy oxygen; -iwcnea is 

c) H and R,2. when the non-R,7 atom to which it is attached is a carboxy oxygen- 

d) -C(0)-R.2. -C(0)-OR.2, .C(0)N(R.)R,2 and R., when the non-R., atom to which it is attached is 
an amino nitrogen, or R„ when the non-R. r atom to which it is attached is an amIdo nitrogen- 

»«,.h !!— CH2C(0)OR,2. NH2. and -NHR,, when the non-R.; atom' to which it is 

^ attached is a carboxy cart>on; and 

0 H. OH. halogen. -ORij when the non-R,7 atom to which it is attached is silicon 

3-»sl7'rnH'"?5nTir J"" Applications 330.616. 

ImflL r ?^ T'' °' ^" <'°"""'^ 'V) °' «i« present invention are 

different from the corresponding residues In the above mentioned applications 

^ The macromers o( formulae I. II and III or mixtures thereof are polymerized into polymers which may be 
shaped into ophthalmic devices such as intraocular Implants and contact lenses or utilized as active aaent 
releasing materials, especially release rate controlling membranes or matrices in transdermal drug delivery 
devices or as tablet release matricies in various applicaUons. The polymers and ophthalmic devices of the 
nvenbon will swell, when in contact with sufficient aqueous medium, until a fully swollen water content of 

55 from at least 10 % to about 95 % has been reached. 

Tbe ophthalmic devices and polymers of the invention exhibit a receding contact angle of less than 60- 
the measurement of which is conveniently performed using a modified "Wilhelmy Plate" technique as 
descnbed for example in J.O. Androde et al. Surface and Inlerfacial Aspects of Biomedical Polymers. Vol 1 



5 



EP 0 395 583 A2 



Stutacg Chemlstfy and Physics. Plenum Press. 1985. wherein a specimen sample, in the form of a plate of 
known dimensions, .s immersed into the wetting solution, pure water, at a slow controlled rate eg at 2-a) 
mm per minute. 

TTie invention ophthalmic devices also have a high oxygen permeability. Ok. Dk is measured uslno a 
« "mo? ^> 21 % oxygen. i.e. air is used instead^f 99-1^% 

S/,'' ' """""^"y- ^y'"""^* swollen polyhydroxyethylLthaS 

(pHBm lenses which are sparingly crossllnked have a Dk of 5-7 (5-7 x lO-'o mm^nm! 

0 ^P"'^^""''^ ''^-■'^^ insti^t inventiJ^ have Zen 

0 penneability Dk values generally greater than 7-10 (10-'« cm/sec) 

Prefened macromers of formulae I. II and III are those wherein n is zero or one. most preferably zero 
Another group of preferred macromers of fomiulae l-lll are those where m is 0-4. more prSSabT W 
one. most preferably zero. A highly preferred group of macromers of formulae Mil are thoi wJerS, m 

<RiA-Sil-{L)h-Ri5-A> (la) 

and Grpi. a most highly preferred emt)odiment of Grp. of the formula 
<Ris -A-(L)h)a-Segi -((Dh-Ri *-Sil ^ (lla). 

beinr^^'iL™^e In^T '""^""'^""^ ""^^ ^"^ ^ '^^''^ ^'^'^"^ -"^^'--t 

R2 and Rs are each independently preferably branched C3-7alkylene. C,-4alkylene-(oxy-C2-,aikvlenG) - 
wherein g ,s 1-10. preferably 1-4. more preferably 1-2. most preferably i) or C^SkSen^^Sj- 

n,Hi« f^J ^" ? !°T^ ^ "'^'^"'y ^ *° '""'^ preferably 10 to 50. most preferably 20 to 30 A 
particularly useful subembodiment has y = 25 to 29. espedally wtien a is 1 and e is ^ '° ^ 

Ri» IS preferably a bond or -O-.'more preferably -0-. 

Ri is preferably methyl or hydrogen, more preferably hydrogen 
Each Fb and FU is independently preferably C,-,aIkyl or phenyl, more preferably C.-.alkyl still more 

^dTir si" ""'"^'^ -""^ ""^'^'^ °' Si' ^"^^« oTrT 

Ris is preferably -O- or -NH-. more preferably -0-. 
Each h is independently preferably 1. most preferably each h is one 
p is preferably 0 to 5. stll more preferably 0 to 3. most preferably 0 or i 

r,n ^^S^"^' " ^'^'^ '"'l ^ independenoy -COO- or -C{0)NH- 

(in which the oxygen or amido nitrogen is bound to Rs) or -C{0>- or a bond Preferably each L and 7« 
independently -C00-. -C(0)NH-. or -QOK more preferably -coi. or -C?0,NH-t" mj^^^^^^^^^ 

the IlJ^M llSr "'^If"!? ^"'^'^^^"'^ ^' «he L, groups are the same and all of the U groups are 
the same, h a still more highly preferred subembodiment. L, and 1^ are the same groups 
Each Rs IS preferably independently selected from ' 

ii) -(C.-2oaliphatic)rQk-{(S-7 membered cycloaliphatc or aryl of uo to 25 carhnn afn™o\.r» 
<C.-«^pha.ic),.Ja- each of i. k. k1 and Jl being 0 or /bu, if i is zere k muS be zSoSS^f jilsTero^KV 
most be zero: preferably each of the C,-,oaliphaHc groups In Ii) are C.-.^allphatJc mo re orefereblv 
C,.,al.pha.ic. still more preferably C, -.aliphatic, most preferably C, l.Sc oreferS^^ 

^^^if ff.i' P-'-b.y a cyclLxane:%refera^rS.e arjt fp to 

canons is up to 14 carbons, more preferably up to 10 carbons, still more preferably ofTc^s most 
preferably a phenyl ring; preferably k is zere and preferably k1 is zero, but most preferablyTSS k1 S 

2 h ZTTJ^IT*^: ''^ '"^'^ "^^y interrupted at any nt bj Q ^d 

S^fj^^ ^' 9™"P '•> °r ii) is unsubsBtuted or substituted by one or more of 

"^^'^ P^^'^^^'y '"«»'y' eeiyl. most preferably methyl) carbo^^oT c,-- 
Mormv^^^^^ perhaioalkyl. more preferably C. -.perhaloalkji. still more preS^abi pLr- 

SfaS H,^ °' perhalopropyi. most preferably perhalomethyl. with the halogen atom bdng 

more SXT' ' ' " ''"'^^^'"y ° P-'-^^V ' ° ' 
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Most preferably, the Rs aliphaUc groups are not interrupted by Q. and preferably are unsubsHtoted Also 
most preferably, the fU cycloalfphatic groups are substituted by 1-4 subsUtuents pSeSy ^ 
sftuen s. wh.ch substituents are preferably selected from halogen (preferably nuoSner hyLxy and 
C ..alkyl (preferably rnelhyl. ethyl, propyl or Isopropyl. most preferably methyl), in a mosrhigWy SerJe^ 

5 embodiment each of the substituents is the same. Preferably, one of i and il is 2«ra whin 
contains a cycloaliphatic. The most highly preferred cycloaihaUc c^nSing ^ 
cydohexylHTiethyl (^e residue of isophorone diisocyanale absent the twoTsocyanate grS^^^^^ 

Preferably, the Rs aryl groups are unsubstiluted or subsOtuted by 1-4 subshtuanK n«forah.„ . ^ 

slijuted or substituted by l or 2 substituents. more preferably unsubsL ted o" e^^^^^^^ 

10 which subsfituents are preferably selected from halogen (preferably fluorine) hvdroxv 3 c f liv? 

Uian one subsbtuent .s present per aryl. the substituents on any one aryl is preferably the same J Zost 
highly preferred aryl embodiment of Rs Is toluenediyl. 

A prefeoed subclass of Rs includes: ethane-1.2-diyl; propane-1.2-dlvl- urooanB-i tatro^,^*. • 

methane: b.s(4-yl<yclohexenyl)methane: bis(4-yl-phenyl)m,ethane: toluane-2.4-<fiyl: toluene-25? m^^S 
p-teh^amelhylene-d.y.: toIuene-1.2-dlyl: toluene-1.4-diy.: 3.3'-dichloro^.4'-diy.-biphenyl: naphmatene-l sJCj 
d.hydro-toluene-d.yl: tetrahydrotoluene^iyl; {5-yM.3.3-trimethylcyclohexyl)methyl: LSZ^^e^i^^ 
(especially 2.2.4-tr,methylhexane-1.6-diyl and 2.4.4-trimethylhexane-1.6iy|,: diethv^fuma!atri2W , 
20 carboxypentana-1.5-diyl: naphthalene- 1 .2-. 1.3-. 1.6-. 17-18-27 and p\^iTTj^Z^,^i .^' 
and .2.7-diy,: methyjcyctohexane-l.4-diy,; 6.(7^meihy.:;phth'Lri .3:2^ 
ylZ^ZT'^- 2-2-<*'-«^V.bipheny,-4.4 - and 3.3'-diyl: bis (i-ylphe^nyUaner^S:!;, 

, n^^,!^^^^^^"^ 3'°""' ^® °' V are homo or copolymeric blocks havina » tot;,! nf 

« 3-200 aikylene oxide units and an additional terminating alkylene oxide or ZS,e Hower no torl2 
polymenc subblock is in excess of 100 repeating units. Preferably, no individual A has a SSk in excTs" 

foXSy ' " '° ' ^'^""^ ^^'■'^ ""-'>'«»^«^ 0^ s^hS^^ set 

prere^Tbrs^Ts'trr; tT^z:^'eT^:'zv!o, rurr 

bodiments. a, those with t of 25-7?. prefer/bly S^r^efSbTy '^'-ettr^t ioTZ', oftso* 
preferably at least 9. more preferably at least 10. still more preferably 13-35. even rnore preTe^blv 
most preferably 20-25. especially about 2a t- y oa. even more preferably 15-30. 

as Also highly preferable are two embodiments wherein at least 30 % of the A grxjups within tha 
macromers of fomiulae l-III consist of 32 % and 35 %. respectively, of polyethylene glySId M i 
65 % respectively of polypropylene glycol, the polyethylene gljcol blo^krCng S no^or^ln 3 
repeajng units each and the polypropylene glycol blocks being of no more than T^e^ela Jt^e,^ ' 
While It IS highly preferable that each A be of the same structure throughout thlTJ^,;™ • 

Within each A group, there are two highly preferred subembodiments- 
a) homopolymaric A units, 

Substituents on the aikylene oxide backbone portion (\ e R7 and flrs nrof*.roKfw * x 

u^'i/rr r ^"•^ ^^^-^ ^'•^^ of-^^htSer^io:: :tf u^rc^^^^^^^^ 

has up to 4 carbon atoms, more preferably methy. ethyl, butyl, or t-butyl (orovided th^JJJo^VJ 
a ring cannot each be t-butyl). most preferably methyl PreLb y eac tS^7wiwi R o^ 
alone or as part of a larger group has 2-4 carbons, and is more preferably Ca-Ta keny An R, or%. , 

si rinoZlt ; '""^ P^^'Y"'?. '"^'^bers. Oxacycloalkyi groups within R, or Care preSbn 
While the enhre A unit may have a substantial nuorine substifuent content, it is preferably at least 25 



40 
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halogen free, more preferably at least 30 % halogen free. sUII more preferably at least 40 % halogen free 
yet more preferably at least 60 % halogen free, and most preferably substantially halogen free. 

Preferably is hydrogen. C-ralkyl more preferably C.-*all<yl. more preferably methyl: substituted 
C--»alkyl. most preferably substituted methyl; phenyl, substituted phenyl, benzyl, substituted benzyl 
cyclohexyl. or C»-50xacycloalkyl. preferably Cs-oxacycloalkyI: each of the "substituents" preferably being 
C -?alkoxy (more preferably C-.-*alkoxy). nuorine. or when substituted on a group other than alkyl. 
C--salkyl: the most preferable substituents being methoxy. fluorine, and when substituted on other than 
alkyl. methyl. Substituents on aryls within R7 are preferably in the p-posiOon. Rg is preferably selected from 
the same group as R7 and C.-*alkoxy. phenoxy. and Ctcyctoalkoxy. more preferably the same group as 

At least one Cap per macromer is independently of formulae VI or Vl(. but preferably the macromers 
have both Cap groups of formula VI. Most preferably, within each macromer the Cap groups are the same 

Preferably, the Cap groups are of fomnula VI in which R,« is preferably a vinyl group of formula VIII in 
which R- is hydrogen, R., is hydrogen. Ci.*alkyl (preferably methyl), or -COOR.,. with R»3 being 
hydrogen or methyl. More preferably the formula VI Cap groups have an Ru which is a vinyl of fomiula VIII 
(H Which Rto and R^ • are each hydrogen and R!2 is hydrogen or methyl. 

Prefenred Cap groups, whether of formula VI or VII are those wherein 

a) Z, w. X. 2 and V are all zero; 

b) Z, w. V. and X are all zero, z is one. and U is •C(OK .C(0)NH.. or -C{0)0-. most preferably -C(0). 
O. or -C(0)- with the carbonyl in each case attached (o Rig or Rt 7: 

c) Z. z and V are all zero, w and x are each one. Rg is of fonnula IX wherein j. k. jl and k1 are each 
zero, and D is one. and the aryl thereof is phenyl; and La is -NHC(O)- with the nitrogen thereof attached to 
Rs; 

d) Z. w and X are zero, and V is one. A- is -CH2CH2O- with the carbon thereof attached to U U is 
-C(0)0- with the carbonyl thereof attached to Rie or R.7; 

e) Z. V and X are zero, z and w are one. U is -C(0)0. with the carbonyl attached to Rts or R,7 and 
Re being alkylene or hydroxy substituted alkylene of from 2-15 carbon atoms; and 

f) those groups of a) to e) above except that 2 is one and wherein 

i) M and T are one. G and Y are zero. R9 is Cz-salkylene or Ca-.shydroxy substituted alkylene 
and U IS -NHC(O)- with the nitrogen attached to Re; 

K...^.^ ^' ^ ^ ^® ^" C2-.5alkyIene or Cz-^shydroxy substituted alkylene. L5 is 

-NHC{0)O- with the oxygen bound to R9. R, is as defined above, preferably a divalent aliphatic or 
cycloaliphatic or arylene group and U is -NHC(O)- with the nitrogen attached to Re; 
iii) M is zero, G. Y and T are all one and L5R5U is -C(0)NH-R6-NHC{0)-. * 
Even more highly preferred macromers of fomiulae l-lll are those within formula fa and lla having each 
Cap mdependenUy selected from formulae VI and VII in which 2 is zero to result in Cap. of the formulae 
Rs(UMR6)w(A^ML3>3j- (Via) 
and 

R- 7(U)z(R5)w(Ai UU \j (Vila) 
and macromers of the formula 
Capt-Grp,.Cap. (Ilia). 

Very highly preferred macromers of formula Ilia have R^s in formula Via selected from those of formula 
vm wherein each of R.o-R-j is independently hydrogen or methyl. Also preferred within this very hiqhlv 
preferred group are those wherein V is zero. ' » / 

Highly preferred vinyl containing Cap groups terminating the macromer are acryl. methacryl and styryl 
groups bound direcUy to or through an ethyloxy or oxyethyloxy to the balance of Cap or to the non-Cao 
portion of the macromer. ^ 

Specifically preferred embodiments of the present Invention within formulae lla and III include those 
wherein 

CH3 CH3 CH3 CH3 

Silis -CHCHjCHz-fSi-O^Si-CHjCHzCH-O- ; 

CH, CH, 



a is one; 



8 
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e IS zero: 

Rtt and Ris are each -O-; 



L is 



w 



1$ 



20 



h is one: 

A IS (CHaCH20)i: and 
p is zero: 
m is zero; 



O 



CH, 



-CNHCHg— ^^^^^^ 



CH, 



HNC- 
O 



Cap is -CNHCH2CH20CC=CH: 

CH, 



25 Further preferred is a macromer of the formula 
Cap-Sil-L-O-A-L-Sil-Cap 



<fH3 CH3 

wherein Sil is -CHjCH^ -f-Si-0 )y-Si-CH2CH2- 

CHj CH3 

3j Wherein y is l to 200. (especially y of about 4. 7. and about 16): 



45 



with tlie phenyl ring thereof tXDund to Sil. 

m is zero to 3; 

A is -(CH2CH2O),- . 



50 



CH, 
-(CH2CH-0)j- 



group 



ss 



Q 



EP 0 395 583 A2 




fO 



15 



20 



In the foregoing, all alkyi groups whether mentioned alone or as part of another group are preferably 
C -C4 alkyl. such as methyl, ethyl, propyl and butyl, especially l-butyl. with the exception that adjacent 
groups on aryl rings cannot each be t-bulyl. These alkyl groups may be straight chain or branched chain 
When the alkyl .s a substituent on a phenyl ring, it is preferably attached at the para position Preferably 
alkenyl groups, whether done or as part of another group, are Cz-C alkenyl. such as ethenyl. propenyl and 
butenyl. Preferred aryl groups (whether alone or as part of another group) are phenyl and naphthyl more 
preferably phenyl. Preferably the aryl groups are still further substituted by C.-C* alkyl more preferably t- 
butyl. most preferably in the para position. Halogen may be chloro. bromo. iodo or fluoro. 

Color may be added to the polymerized material or to the macromers via typical dying techniques One 
such manner is by insuring hydroxy groups are introduced onto the macromer backbone or substituent 
thereof. 

Typical color groups useful in these emtxKJiments include, but are not limited to. the hydroxy-reactive 
dyes known in the art under the tradename Remazol. manufactured by American Hoechst Examoles of the 
Remazol dyes which are especially useful are: .k v o 



25 



30 



Dye 


Color Index Code 


Remazol Brill Blue RW 
Remazol Yellow GR 
Remazol Black B 
Remazol Golden Orange 3GA 
Remazol Turquoise P 


ReacUve Blue 19 
Reactive Yellow 15 
Reactive Black 5 
Reactive Orange 78 
Reactive Blue 21 



all of which have at least one group of the fonr^ula 
-S02-CH2CH2O-S03® 

which reacts with the polymer or monomer hydroxy group to yield a 
OS <iye-S02-CH2-CH2-0-polymer or 



40 



45 



so 



55 



dyc-SOj-CH-O-polymer 



group preferably the fornier. In such a manner, both excess free hydroxy groups are disposed of and 
colored contact lenses can be realized simultaneously. 

If the polymerized macromers set forth above have inherently too low a water content i e below 10 % 
water content the polymer is not within this invention. However, the macromers can be copolymerized with 
a hydrophihc modifier so as to increase the water content to be within the instant invention. Whether the 
hydrophilic modifier is needed or not, and the amount which is needed, is dependent upon the desired 
polymer water content. Preferably, when the hydrophilic modifier is present, in accordance with the above it 
IS present in an amount of up to about 50 by weight preferably about 1 % to about 30 % more 
preferably about 5 % to about 25 %. still more preferably about 10 % to about 15 % of the resultant 
polymer. 

In addition to the hydrophilic modifier, other comonomers which may be present in the oolvmer are 
monomers coreactive with the monomer of formula I. Such additional monomers may be present in a minor 
amount of up to about 20 % by weight of the resultant polymer. When such comonomers are excessively 
clmnl hydrophilic modifier may be incorporated so as to achieve the appropriate water 

The hydrophilic modifier is a monomer which is coreactive with a monomer of formula I and is typically 
selected from /Ki^^iy 

aa) polyethylene glycols of the formula 
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w 



o 

Ri«- C-a(CH2CH20)n,Ris (A) 
or 

ab) pyrrolidones of the formula 
O 



R,3-N 




(B) 



25 



30 



Wherein R., is hydrogen or C-Cr alkyt, preferably C,^* alkyl. n1 is an integer of from 1 - 25, 

fS ac) a compound of the formula 

- {fl2(»-div)„Hy (C) 

Tm^".!^ \ •^Tf'^^^'o '"•"^•y ') ethylenically unsaturated radicals 

preferably vinyl. I^nethylvnyl. 2-methylvinyl. or allyl. ii) anhydrides, iii) amines, iv) addrv) erterTJ; 

20 especially glycdyl. x) .socyanates and isothiocyanates and xi) hydroxy; div is selected from 

ba) a divalent aliphatic group of up to 25 carbon atoms, preferably alkyl. alkenyl or alkvnvl which 
may also be interrupted, or temriinated, or interrupted and terminated by oxy cXnE 
aminocarbonyl. oxycarbonyl. ureido. oxycarbonylamino. or carbonylamino- carbonyloxy. ammo. 

t "^'"^^"l ^ ■ ^ cycloaliphatic or 5 - 7 membered cycloaliphaUc-C,-C,o-aliDhatfc 

except that said interruptions cannot occur within said cycloaliphatic portions- 

a divalent arylene group having 6-25 carbon atoms which is unsubstituted or substituted bv at 
least one substrtuent selected from halogen. C,-C alkyl. and C-C.^ perhaloalkyr ^''"^^^'^ by at 

bd) a divalent aralkyi or alkaryl or -alkylene-aryl-alkylene- having 7 - 25 carbon atoms which is 

term nated with an interrupting or terminating group as mentioned in ba) above, and eaTS^ S 

Sra sS^errCr 'T""''^ o^"^' 3^°"^' f urthe/ unsubsmu^ or tbS tute2 

by a substituent selected from halogen. C, -C. alkyl. and Ci -Ci 2 perhaloalkyl; ««>u«uwa 

- ^ R. Rb 

be) -f-Cft--CH-(CH2)s^0hi-CH— CH-(CH2^ (D) 

^ wherein na is an integer of 8-100; and 

bea) Ra is hydrogen. Rb is methyl, and nb is zero: or 

beb) Ra is methyl. Rb is hydrogen, and nb is zero; or 

bee) Ra and Rb are hydrogen and nb is one; nz is an integer of 1 up to the valence of Hv anw 

1^6 LT. hJl^Tr''' °' ""^"'"3 taken up' wlJ, hXens 

and Hy IS a hydrophilic group selected from v^ycMo, 

-N N- (E) or -N N- (ET 



50 



55 
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cb) letrahydrofurfuryl; 

cc) mono-, di-, and polysaccharide radicals, whether straight chain or cyclic, their corresponding 
sugar alcohol radicals, pentaerythrilol radicals, and polyvinyl alcohol radicals: 

and 

cd) polyhydroxy Cz-C/ alkyi radicals; and said reacUve group R,8 is capable of reacting with one or 
more sites In said fonnula Ml. 

Preferably the hydrophilic modifier has R2o selected from 

ia) HsC^C- 



and the terminus of div to which it is bound is -C(0)R25. the carbonyl being bound to Ris. where R25 is 
,5 hydrogen or methyl and Rje is -0-. or -NRaj- with Raj being hydrogen or lower alkyI: 
ib) H2C = CH- and the terminus of div to which it Is bound is 



20 I ■! ^28 



the left hand bond being bound to Rzo. wherein R23 is -O, -NRay-. -C(0)-. -C(0)NR27. or -C(0)0- ; and 

ic) HiC^C- 

00 and the terminus of div to which it is bound is -C(0)R3o-. the carbonyl being bound to Rjo wherein R30 is 
lower alkylene or -[CHsCH(loweralkyl)-0],^- and R29 is hydrogen, lower alkyl. or cyano: and has Hv 
selected from 

ce) morpholino which is unsubstituted or mono- up to tetra-substituted by lower alkyl oreferablv 
methyl or ethyl; / x 

35 

\ ^ 

O 

wherein ne is one. two. or three, preferably 1. each of which is unsubstituted or substituted, preferably 
mono- or disubstituted. by lower alkyl, preferably methyl or ethyl: 

O 

I 

eg) -^^iOH,)^, 
0 

55 where nf is 2 or 3, preferably 2, 

each of which is unsubstituted or substituted by lower alkyl, preferably methyl or ethyl; 
ch) a divalent group of the formula 



40 



4$ 



$0 
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to 



15 




■N 



0 R, 



-N 





^31 



'3t 



N- 




K 



, or — N 



I 1 



0 
N — 



\ 



20 wherein R31 is hydrogen or carboxy; 



25 



Ci) N I ^ cj) — 



(CH2) 



ng 



00 



05 



where ng is one or two. 

each of which is unsubstituted or substituted by lower aikyl. preferably methyl or ethyl; 



ck) 



-o- 



(CH2-) OH ; 

0-5 



40 cl) a polyol selected from polyvinyl alcohol radicals. 



45 



■f 0-€H2-(CH)-.CH2CM- (H),^ 



wherein xa is 2-10. preferably 3 • 4. and xb is an integer from zero, preferkfaly at least 0 5 times ..n fo 

K r'"'"!- d'-'etra sacchan^rier^S^JeS^^^^^^ 

sacchande-saccharide links between the l and 4 carbon positions thereof, preferably^ nS c^^^ 

'0 o 25 -/ ' M • "'^^^ ^Xy'^"^ 9'yco< radicals wherein upil sSTpSy^^ 

Most preferably the hydrophilic modilier of fomiula (C) is selected from va^oQens. 



55 
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aca) H2C=C C-O-CHjCHjNHCOCHjCHjN 




to 



acb) H2C=<1 C-OCH2CH2OCNH-— ^ NHCOCHjCHjN^ 



CH 



'3 



fS 



20 



25 



30 



acc) [H2C=C C-OCH2CH2t^HC^:-JJ-R32 

r 

wherein R32 is -[OCHjCCHj^CHjOJKH)^ 

acd) (H2C=C C-O-CH2CH2NHC473— R33 



wherein R33 is C{CH20)*<H),^ and yd is 1 - 4. preferably 1 - 2- 

ace) polyvinyl alcohol having at least one and up to 50 % preferably 25 % more oreferablv lO 'A 
35 inclusive, of the alcohofic hydrogens thereof absent Y more preferably 10 ^. 

acO H2C=C— — C-0-CH2CH2NHCOCH2CH2N' 




45 



so 



55 



form^Sl ^ "u^ "'"^^"'"g 9^°"P one or more of the aforementioned R groups within 

orLlt. Of , "r ""''^^'^'^d group, then the macromer can be crossSnted in te 

»r„1c^ "'"'""'■"^ ''y^^P''""^ ^"^o^ -'"yc group containiS a^ssinJno 

agents The mstant macromer can be crosslinked In the presence or absence of up to less L7ab!uf^5? 
% preferably up to about 30 %. most preferably up to about 10 % by weight of wSirunsariteS 
hydrophilic modifiers and/or other vinylic comonomers. vinyiicaiiy unsaturated 

rrr,^^l^'^,^°^' ^ ^'"^"'^ ^^^^^ P=rt in crosslinklng. Cap is of formula VII 

Crosslmkfng ,s tf.en typically carried out by condensation with a tri- or polyfunctional Leacle Tonome ' 

uoiN. &CN. -NH2, -NHfalkyl) etc.; when Cap temiinates in -NH, or -NHfalkvl) the raarti«« 

tT±T ' r^^""^''^ '^^^"3 ^-"''^ When cap teSLs nS^^^^^^^^ 

the reacUve comonomer functional orouD can hn nw <?:r«!i^^w x. * ^ 

menuoned in terms of ei^er Cap or lZ:.lTl'o^r:::!l^^^^ ''^^'^ 

list is rruS^eTnT^^^^^^^^^ 7 - ''e.ow. However, 

which may also be employed. '^'^"'"'^ "'^ modificatjons. additions, and alternatives 
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However, the degree of crosslinking in the finished crosslinked polymer should not exceed 20 
preferably not greater than 10 %. more preferably not greater than S %. still more preferably 1-4 % most 
preferably 2-3 %. . 

A highly preferred embodiment within the polymers fabricated from macromers of formula I reauires 

' r„lT,'hT ^"^r 1'"^'"' """'^ =° of the A groups are polyethylene glycol. In 
another highly preferred group A is homopolymeric polyethylene oxide or polypropylene oxide 

The number of A units and the chain length and nature of the substituents on the poiyoxyethylene 
segment IS determined by the degree of wettability desired in the polymer of the compound of formula I In 
general, the polymer should be sufficiently hydrophilic in its surface properties such that the polvr^ier 

10 exhibits a contact angle with disUlled water at 20*0 of less than 60*. preferably less than 40* more 
preferably less than 25 . still more preferably less than 15* . most preferably less than 10* 

r^'^f^''^^' 9'®^*^^ """"^^^ oxyalkylene units is generally 

required to reduce the contact angle to within the above limits. * generally 

As water is taken up. the oxygen permeability of the polymers lends to be reduced. However, with the 
/s water content and swellability increased due to hydrophilic modifier the drop in Ok over the tow water 
content analogs is surprisingly less drastic than wouW otherwise be expected. Advantageously, the instant 
polymers absorb at least 10 % by weight water, preferably IS - 90 % by weight, more pSeferabf^ 2? ^ % 
by weight, still more preferably 25 - 75 % by weigth. most preferably 35 • 55 % by weight water ^ ' 

,n i«,'ii!^,i'-^'^?'* 7 those polymers which exhibit a contact angle of less than 25*. more preferably 
20 less than 15 and most preferably less than 10 . ""oauiy 

wprflllf macromers of the invention can characteristically be polymerized to fomi Crosslin- 

ked polymers under conventional polymerization conditions. 

If desirwJ. the monomer reaction mixture may contain a catalytic amount of a conventional polymeriza- 
bon catalyst, preferably a free radical catalyst. Of particular interest are convenOonal perSde aJ? «o 
SSraniWe)'' P«^«="«««' "^"^oV P«"^de or azobis- 

The polyrnerization can generally be earned out at temperatures between about 20 ' and about 1 50 * C 
for a penod between about 1 and about 24 hours. It is understood that the time and temperature In such a 
reactor, are inversely related. Thus, temperatures employed In the upper end of the temperature range wi! 
generally provide reaction times near the lower end of the time range. Preferably, the poivmerization is 
conducted in the presence of actinic radiation, such as UV light Poiymenzation is 

Depending upon the nature of the polymer mixture. It may be desirable for Uie polymers obtained from 
1^0*^3 150-?. " ^^n^Peraiure such as between abSITt 

For the preparation of contact lenses, the polymer mixture may be cast direcUy in tiie shape of the lens 

Z T^^ir"'T" ""^"fj^J^"^^^ a mold having a shape convenient for further processing, such 
as in the shape of small cylinders or "buttons", which can then be machined 

^J^IavT^^'-t """" "'"'^'^'''y "P ^° P^efe^bly up to no more than 

2n J IT^ ^ °\ conventional copolymerizablo vinyl monomers ott,er ti^an hydrophilic modifiers, 

can be employed as extenders or tt,e like, in ti,e preparation of the instant polymer, as copolyme 
r^^^TL TT' ' T ''"^^^™P»""«^ content Is witiiin U,e foregoing limits, the hydVophilic 

modifiers can also be used as such extenders. Suitable vinyl monomers include: / P = 

acrylates and metiiacrylates of the general formula 

H2C=C-COOR35 



35 



30 



05 



40 



4S 



^ ^rZ JllT^ T.'""^'.'"^ "^'^ ' '""'9'^' "^^""^f^^d ^"Pf^atic. cycloaliphalic or 

a ornatic group having up to 20 carbon atoms which is unsubstituied or substituted by one or more alkoxy 
alkanoyloxy or alkyi of up to 12 carbon atoms, or by halo, especially chtoro or preferably fluoro. or C,-S' 
polyalkyleneoxy of 2 to about 100 units: 
acrylamides and methacrylamides of Uie general formula 



ss 



1^34 

H2C=C-CONHR33 
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40 



45 



SO 



55 



Where R34 and Rss are as defined above; vinyl ethers of the fonnula 
H2C = CH-0-R35 

where Rjs is as defined above; vinyl esters of the formula 

H2C = CH-OOC-R35 
5 where R35 is as defined above; 

maleates and fumarates of the formula 

RosOOC-HC - CH-COORas 

where 835 is as defined above; 

and vinync substituted hydrocarbons of the formula 
to RjiCH^CHRas 

where Ra* and Ras are as defined above. 
Useful monomers include, for example: 

The vinync monooiws ol fomulw HII can to preparaa by mclliods kmmn ctr „ 

monomer ahereln ttio reacUve group is m isocvanate- a^J^^ ^ conlaning 

(Cap) Cte<l.ali.e. Allamasvel,. Ihe atoremenuoned pclTO^tote*-^lto^ t^Z.^^^nf^ 

dllonc«ona/ reaclWe c«nlaln!„, cc^C^S .S ' °' ' 

isocanaw. =B. ^ which ^'^^^^^Z^.^. t^^'^' ^ " '* 

™X""=Sie"x?o r„^' 

Of course, instead of starting with a siloxane of the formula Hrv-<s;i w ^r.^ k m^. 

^AJ,en««ve s,n«eala ol Ihe dlreacUv. *,a„o can to aco=n,pllsh,d w* a dlhw-ld, o. «e 

H-(Si-0)y-Si-H 
R4 R4 
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and reacting it (as known in the art) with a vinyl contaning compound containlg another reactive group 
typically a hydroxy reacUve group, such as styrene isocyanate. to yield the dicapped siloxane. such as 



OCN- 



10 




t$ 



HoIh iSraZe"''^ '"^^ '"""^^ -^"PP^'' 

,»,rtoH"lf''^''- "'^ '"!f'°"'«^^ '"^y accomplished neat or in solvents as indicated in the examples 
attached hereto in accordance with known synthetic techniques. oA«nj,ies 

ronrt^nnc'^^K ^t*^!''^^ "^''"^'"e^s are Characteristically polymerized under conventional polymerization 
conditons with a hydroph,l,c modifier of formulae A-C or a mixture of a hydrophilic modifier of foLulae a2 
20 Tl J^ T^"'T T"™"^'- '^""^^ ^'"^"^ macromers containing but one vinyl group, a minw 
an'ount e.g from about 0.01 to about 5 weight percent, based on the macromer of formula l-m o?^ 

omeTsu^ as?' ' ^""^'^ dioLfinic ml^ 

^cll ^Tetht?.1,Sof '^i'^ ""^ P«"y^'^'«"« 9'y«" diacrylates and dimethacrylates. 

such as ethyleneglycol dimethacrylate. diethylene glycol dimethacrylate. and propylene glyco 
d.methacrylate: inmethylol propane triacrylate; pentaerythmol tetraacrylate. divinylbenzenef diXl lier 
d.v,nyl sulfone: b.sphenol A diacrylate or dimethacrylate: methylene biLrylamide: diallyl p^thS' S 
rirr t ''«'',^«»'y;«;^<^•='=^•=te and dimethacrylate. Also, such minor amounts of a c^llSg 
agentmay be employed, .f desired, in the polymerization of the di-vinyl monomer of fom,ula I. II or III 

When the macromers of formula l-lll have free hydroxy, isocyanato. carboxylic or amine groups 

reltions'Ef^o ^^'"'^ '''' °' P°'y'""'=«°"^ ^^^^ Qroups to fom, addition or condensation 

reactions unking 2 or more chains. ■•!>»"«" 

If desired, the macromer reacWon mixture may contain a catalytic amount of a conventional catalvsL 
preferably a free radical catalyst. Of particular interest are conventional peroxide and azo cSjste sS. S 
hydrogen peroxide benzoyl peroxide, tert-butyl. peroctoate. benzoyl peroxide or azobis (Isobutyronitril^ 

tvni.^.! ^ H f H ? 3^"^'^"^ "^'^■9'^' ^ condensations and are 

typically conducted at a reaction temperature between about -iC C and about lOO' C. depending upi Z 
relative reactivity of the species involved, in the presence or absence of an inert diluent aSdt t?e oXn^ 

SyTaniL " ' ' ^P"""^' ^'"'^^^^ '"<='"^« Pyridine and 

availl^fe.'""""^' °' ^"'^ '"^"y =™ commercially readily 

methods. °' HO-A-H are known or can be prepared by known 

Thus the polyols of the formula HO-A-H are generally prepared by the addition reaction of f moles of 
an epoxide of formula X. or. assuming that A is a block copolymer of 

<PH3 

so -ftCH2CH-0)(t4) and .(CH2CH2-0)(5jtn5J 

(espeaally when ((U) + {t5)](t.) = about 30-70) of (tO Bme (U) moles of an epoxide of the fomiula 



25 



30 



OS 



40 
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wjft (ts) bnnes (»6) of a different epoxide of formula X. where R,. R,. r. t. (U). «s) and (fc> are as deHned 
above opjonalj, .n the presence of a conventfonal alkylation catalyst, at atmo p^ic to elevaTrd pressurS 
,3 o op lo about 3000 kPa gauge, at temperatures between O'C and about 130-b. optionally irSfe c^irS 

ct?s7ond"::rn^^^^^ ''-•"^ ^ -•"'n atoms to p^epaTe'th" 

The reaction between the epoxides, when mixtures of different epoxides are employed to obtain th« 
polyo of the fom,ula HO-A-H. can be conducted by admixing the epoxides to ob^n S-^cwCis or 
lerpolymers. etc.. or the addition can be conducted sequentially to form block coJol^^^s havS^^ Z^L! 
hydroxy groups. Suitable cataiysts include alkaline earth oxies. alkalinfeSTS^nJ^es X^^^^ 
compounds, alum.r.^ alkoxides. hydrates of ferric chloride, bromide and acetate, and Cm^ iTn 

o? bv" a ^IvTof 'T^^ ''"^^"'^^ « 9'^"'- ''-^ ^ Ql^cS^or^^^pytenTSSi 

25 or by a polyol of higher functionality such as sucrose, or by an amine si«h as ethvleL 

oxide emptoyed. but can generally be from less than one to several score hours Thus ethWene oSa 

buSa ""^ " ^'"^ "^""^'^"^ "^"^ '""^ reacts mi^,"^a^X7an '^2! 

butylene ox.de. The preparabon of polyoxetanes and polytetrahydrofurans is generally initiated"^ rl«, 
opening oxoniurn fomr,ation using trialkytoxonium salts, carboxonium salts, acylium salts id ie See ^ 

Suitable diols of the fomiula HO-A-H include those prepared from epoxides such as- 
1.2-propylene oxKle: l.2-butylen9 oxide: l .2-epoxydecane: i.2-epoxydodecane: 1 .2-epoxyoctane- 2 S-eoox 

- '^•'^^•^ PhenoxypropU: 2.3-epoxy^o^^^Soi^Sw 

ether, te^ahydrofuran: 1 .2-epoxy-3-cyclohexyloxypropane: oxelane; l.2.epoxy-5^exene: 1 2.e!S^X^l- 

i^l'/r ;r*^'^1'"'''^'^^^^^^ PerAuorohexylethoxypmpylene'oxide: be^^^Z^^l 
^e. and the l.ke Also the aforementioned epoxides may be employed as mixtures thereof, ^urthe^ c^t^n 
cycl-c ethers of formula X where t is 3 and the carbocyclic portion of the ring is substituted SenSisS^o 
polymenzation alone, but copolymerize quite readily with more reactive cycfic eXre SuTtLlf rl 
monomers include for example. 2-methyNetrahydrofuran and 3.me.hy,- eL^dlr^^ 30 S^"^^ 
^0 yiene oxide may be employed as a co-monomer, ethylene oxide oolvmers in VhTah^f^^J^T 
aSJlS:' -nits. IS Characteristically too hydrophilic and^bsUft:o m'raqull'll^^^^^^^^^ 
m^l^o ^ r "''y'^™ oxide/propylene oxide copolymeri<^^io1s wSrein 

H« P^«'erabhr greater than 50 %. more preferably greater than 66 rrpmpylene oSde on a 

ruSi^S;^''^.':'""^ hydrophobic so as to be substanHally non-swellable in aquZfrnedi^ and Jet 
Z^ZT ^f°?."'? '° ^ '° ^ '^^s than SO'; prefeS^ess th^ 

40 more preferably less than 25 . more preferably less than IS*, most preferably less J^S lQ- 

-.n.uTir^"'^" °' ^"""e'Cially avalable. Thus, suitabte diol'products 

include poloxamers having the general formula »«'«<uio aioi proaucts 

HO(CH2CH20)a'-(CH(CH3 )CH2 0)b'-(CH2 CHj 0)c'-H 

r^O^'j^Se 'each Tl^'Z""" ''T ''^ ^""^ °' ^' ^"^ ^ and about 

hit ^^^h J . ! r'"^ poloxamers is beyond the current definiUon of the preferable A groups 
A n^o Z ° non-referable A groups within any one macromer. For example if 30 % oi 

Tr^utT^r' > = > = ^5.(c') = S.thentherema'nde oftli A 
groups in that macromer may be any of the poloxamers set forth below. Examples of such poloxamers Id 

" 5 b-r.?' -'"S f • " ■ P^l^xamer ,01 (a' is 2. b' is 16. c' i ly plx^e^^^^^s 

L f f'"'?''^^' 3. b is 30. c is 3); poloxamer 212 (a' is a. b is 35 c' is 8 V 

poloxamer 231 (a is 6. b is 39. c, is 6); poloxamer 282 (a is 10. b' is 47 c' is ,0)- polox^er ^3 (A 7 
b IS 54. c is 7): poloxamer 401 (a is 6. b is 67. c' Is 6) poloxamer 333 (a is 7. 
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^it^lT.l^lZ'^^'^ 7^'^'°' '""^ ^''^^ y^y^naotte under their Pluronic® brand name. A/so 
su>t^le are me reverse poloxamers". having polyethylene glycol bounded on each side by polypropylene 

s betv^rZriVa^d'abS^or^^ '^^'^"^ ^^^'^'^ "^"^"'^'^ •'-'"^ ^ ^'^ht range 

.r,r,uy^l '^""ZT.T^I '""^ '«'y''yd^'"^ethyl methacrylate lenses which are sparingly cros- 

slinked possess a Dk(x10-'O). (mm-ml Oj/cm^'sec-mrnHg) value of about 5-7 
10 The instant polymers for use as an ophthalmic device, such as a contact lens possess a DWxm-'ov 
TJST^'TT"" ' ' '''''''''' '5. more pfefeSy ^S^L^'C 20 

. lnvenr:7::Sarr;'::.g^^^^^^ - - - - — as limiOng the 

In the examples the following test methods were used in evaluating the polymer films- 
polarog«2?e7'''"*''"'^ ''''' " « Schema Ve;satae or Createch 

5 h U'®"^"*^ °' '1""'*"*^ « feel comparison to crosslinked polyHEMA (i e polymer- 

Xa ./h1 * ' ^•'y'^"* S'*'^^' ''fnethacrylate). The surfLe lubrlcftyTZ- 

complg^i;? :er falSfpt^^^^^^^ Sftr 
25 measurement found to be similar to this "standard" is d Jionated fS aS^ ^ " " 

lower value is designated (3): while a much tower vl^ is ?ergna,^^^^^^^ "^""^ ""'"^"^'^ <^'= ^ 



40 



45 



50 



55 



Example 1: 



30 



35 



adduct'^zTofpEG^^^^^^^^^ whereT^f T^'V! P^'V'^-ethyl-sitoxane/polyether urethane-linked 
^i Zt 7 . "^^^ '^'^«' ^'"e'^® 2' « a polydimethyl siloxane. IPDI is isophorone diisocvanate PPG i« a 
pofyethylene glyco. and lEM is isocyanatoelhyl methacrylate: and. the t^Z^ tZ^eZ^n ^ 1^ 



Synthesis of Zi^lPOI-PEG-IEMfa , Diadduct: 



(lOOmlMw'-lzTa? wt^TSl?^^^ "in^^T "^'"'"■"'"9 80054 g (0.0036 mole) Shin-Etsu X-61-504A 
1000) (MW - 2212) with 1.6010 g (0.0072 mole) IPDI and 1 microliter of dibutvltin dilaurate <DBTn anw 

d^^r^nTdT^-nt; '-P^^ature. The percentage of Isocyanate reactrfare^^y Ssl ^^s 

S«„ r.?'. » ^i*^ T"^ """'^^ "'"^ ^^'"^ Z' moleculaTweS aciuany used 

overnigh. IB veH.es complete reaction IH^^Z:^:::.^'^:^ S ^ 
tsmp^r:rorn?ghTw.thsT^^^^^ " '^^ ''''' ^ ^■^'^^-^^'^ -Ced at room 



Polymerizalion of Diadduct; Hydrogel Formation: 



into?«^ K^®"'^I!I^ '"^^"'^^ ""'"""^ ^'"^ (ben^oi" '"ethyl ether. BME) poured 

£™ r - ^^^^^ ,^j£{r 
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Example 2: 



cil. Ino pcrT? '^'""^^ permeability values of polydimethW 

tl^^7p^^^^^^ Z^<IPDI-PEG.|EM).. solution polymerized using different moleculi 

weights of PEG 200. 400. 600. 900. 1000. 1500. and 2000). Different solvents are used as indicated belov. 

7 r^n? 2;<'P0Jh^are reacted at room temperature and samples 6 and 7 In which PEG and 
Z-<IPDI)2 are reacted at 50 C in the presence of additional dibutyltin dilaurate catalyst 



10 



15 



20 



25 



30 



75 



Sample 



1 

2 
3 
4 
5 
6 
7 



Wt.% In the Polymerization IWixture 



34.4 
28.0 
27.5 
24.1 
23.0 
18.8 
16.6 



IPDI 



6.9 
5.6 
5.5 
4.8 
4.6 
3.8 
3.3 



PEG ((WW) 



6.1 (200) 
10.9(400) 
15.0 (600) 
19.5 (900) 
20.7(1000) 

25.5 (1500) 

29.6 (2000) 



lEM 



4.9 
4.2 
3.8 
3.5 
3.2 
2.7 
2.4 



Solvent 



47.7(1) 

51.2 (2) 
48.1 (2) 
48.1 (1) 
48.5 (1) 

49.3 (3) 
48,0 (3) 



solvents:(l) = isopropyl acetate. (2) = dichloromethane. (3) = acetone 



BME 



0.18 
0.12 
0.11 
0.10 
0.14 
0.10 
0.49 



Sample 


Physical Properties of Hydrogel 






% H2O 


Clarity 


Wettability 


OK 






Content 




(banrier) 




1 


5.6 


Clear 


C 








2 


16.6 


Clear 


B 


70.2 






3 


27.9 


Clear 


B 








4 


39.8 


Clear 


A 


66.1 






5 


46.0 


Clear 


A 


59.5 






6 


57.9 


SI. Hazy 


A 


45.2 






7 


79.0 


Opaque 


A 


47.5 







As shown above water content increases with higher molecular weight PEG. Oxygen permeability 
however, decreases with the higher molecular weight PEG. v'^ygen permeaoiiity 



<o Example 3: 



45 



th« c« f '""'^ °' POlydimethyl slloxane,PEG hydrogels is affected by varying 

jid the solvent used .s .sopropyl acetate <IPAC). Samples 6 and 8 are made as In exSnpIe 1 v^th 50 % 
PAC and are subsequently diluted to 60 and 75 % IPAC respectively prior to the addition of BME^d UV 

Z^IT.- r'^'w ' ^J^i ™* """"9" ^eactants aid therefo^ Z 

synthesis is stopped pnor to lEM addition and films are not made. inereiore. me 



so 



55 



20 



EP 0 395 583 A2 



10 



Sampid 


Wt*5i 


> In the Polymerization Mixture 


Clarity 




Z. 


IPDI 


PEG 


lEM 


Solvent 


BME 




1 

2 . 

3 

4 

5 

6 

7 

B 


37.7 
37.0 
31.8 
26.7 
23.0 
17.8 
15.2 
11.1 


7.6 
7.4 
6.4 
5.4 
4.6 
3.6 
3.0 
2.2 


34.1 
33.4 
28.5 
24.2 
20.7 
16.0 
13.7 
10.0 


4.4 
3.8 
3.2 
2.5 
2.2 
1.5 


20.56 
22.19 
28.91 
40.04 
48.45 
60.18 
65.99 
75.07 


0.54 
0.50 
0.14 
0.20 
0,12 
0.18 


(Not enough solvent to dissolve reactants. no films made) 

Same as In sample 1 

Hazy 

SlighUy Hazy 

Clear 

Clear 

Clear 

Clear 



As Shown above clarity increases with increased solvent concentration. 



Example 4: 



20 



This example shows the effect of comonomer addition of the physical Drooerties of 7 ppr- k ^ . 



25 



00 



OS 



40 



Sample 


Wt.% 


In the P( 


Dfymerizi 


ation Mixture 




Z, 


IPDI 


PEG 


lEM 


IPAC 


Comonomer 


BME 


% HzO 
Content in 
Hydrogel 


1 
2 
3 
4 
5 


21.8 
23.0 
21.5 
21.8 
21.8 


4.4 
4.6 
4.3 
4.4 
4.4 


19.7 
20.7 
19.3 
19.6 
19.7 


3,0 
3.2 
2.9 
3.0 
3.0 


45.9 
48.5 
45.2 
45.8 
45.9 


5.2 MMA 
0 

6.7 DMA 
5.5 NVP 
5.2 HEMA 


0.10 
0.14 
0.13 
0.15 
0.13 


43.7 
45.5 
50.0 
45.7 
44.4 


MMA = methylmethacryrate; 
DMA = N.N-dimethylacrylamide: 
NVP « N-vinylpyrrolidone; 
HEM A = 2-hydroxy ethyl methacrylale. 







45 



clear'^l^d'h'::: t^Z^^. "^^""^ - -^'-tV- All hydrogels are 



50 



Example 5: 
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Sample Mole Ratio 



JO 



15 



20 



25 



30 



1 
2 
3 
4 
5 
6 
7 



Low MW PEGiPEG 
1000 



WL% In the Polymerization Mixture 



1 I 0.1 

2 I PEG 400:PEG 1000 
1:7 

3 I PEG400:PEG 1000 
1:9 

4 I PEG 400;PeQ 1000 
1:3 

5 I PEG 400:PEG 1000 
1:1.5 

PEG 400:PEG 1000 
1:1.5 

PEG 600:P£G 1000 
1:3 



23.0 
24.3 

23.8 

24.2 

25.5 

25.7 

24.0 



Sample | Physical Properties of Hydrogel 



IPOl 



4.6 
4.8 

4.7 

4.9 

5.1 

5.1 

4.8 



PEG (MW) lEM I IPAC 



20.7 (1000) 
0.5 (200) 

19.2 (1000) 
0.8 (400) 

19.3 (1000) 

2.2 (400) 
16.6 (1000) 

3.7 (400) 

13.8 (1000) 
3.7 (400) 

12.9 (1000) 

3.3 (600) 
16.2 (1000) 



3.2 
3.5 

3.3 

3.4 

3.7 

3.6 

3.4 



48.5 
47.6 

48.0 

48.8 

48.2 

49.0 

48.3 



HjO Content 


Clarity 


Wettability 


Strength 


45.4 


Clear 


A 


3 


39.9 


Clear 


A 


4 


41.5 


Clear 


A 


•3 


38.2 


Clear 


A 


2 


33.4 


Clear 


A 


2-3 


39.8 


Clear 


A 


3-4 


38.5 


Clear 


A 


4 



content but 



J5 



40 



The results show that incorporation of low molecular weight PEGs decreases water 
maintains clarity and wettability of the resultant films. decreases water 

Example 6: 

This example demonstrates the effect of initiator Ipuai a« t 



45 



50 
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s 



70 



1 S^rriAta 


Wl, .'O 


In the Polymerization Mixture 




Z: 


IPDI 


PEG 


lEM 


IPAC 


BME 


1 


23.0 


4,6 


20,8 


3.2 


48.4 


0,04 


2 


22.9 


4.6 


20.7 


3.2 


48.6 


0.08 


3 


23.1 


4.6 


20.7 


3,1 


48.4 


0.12 


4 


23.0 


4.6 


20.7 


3.2 


48.5 


0.14 


5 


23.0 


4.6 


20.8 


3.2 


48.4 


0.14 


6 


22.9 


4.6 


20.7 


3.2 


48.6 


0.16 


7 


22.9 


4.6 


20.7 


3.2 


48.6 


0.47 


8 


23.0 


4.6 


20.8 


32 


48.4 


0 49 


9 


22.9 


4.6 


20.7 


3.2 


4fl 6 


fl 7Q 


10 


23.0 


4.6 


20.8 


3.2 


48.4 


0.81 


Sample 


Physical Properties of Hydroget 










Clarity 


Wettability 


Strength 






I 


45.4 


Clear 


A 


4 






2 


43.4 


Clear 


A 


4 






3 


46.4 


Clear 


A 


3 






4 


45.5 


Clear 


A 


3 






6 


46.3 


Clear 


A 


3-4 






6 


42.7 


Clear 


A 


3-4 






7 


45.7 


Clear 


A 


2 






8 


45.9 


Clear 


A 


2 






9 


48.0 


Clear 


A 


2 






10 


43.8 


Clear 


A , 


2 







As shown above, increasing initiator level to at least 0.47 % improves the strength of the resultant 
hydrogels. 



Example 7: 

This example shows the effect of chain extension of the polydimethyl siloxane (2.). prior to synthesis of 
the diadduct, on the resultant hydrogels. 

3.0068 g (0.0014 mole) Shin-Etsu X-61-504A (1000) (MW 2212) are combined with 0.1512 g (0.0007 
mole) IPDI and 0.5 microliters of DBTL and stirred ovemight at room temperature. IR indicates complete 
reaction of the isocyanate funcUonality. This chain extended 2i is subsequently capped with IPDI and PEG 
as described in example 1 using PEG 1000 except for (sample 3). Sample 3 is heated at 50'C for 72 
hours, (rather than ovemight) during the reaction with PEG. The calculated amount of lEM is then added to 
fomi (2i-IP0l-Z, HIPOI-PEQ-IEf\/l)2. The lEM is reacted at room temperature overnight with stirring except 
for sample 1 which is heated at 35 C. 
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Sample 


Wt.% In 1 


he Polymerization Mixture 




IPOI 


PEG 1000 


lEM 


Solvent 


BME 


.1 
2 
3 
4 


25.6 
30.1 
24.4 
30.4 


3.8 
4.6 
3.7 
4.6 


11.6 
13.6 
11.1 
13.5 


1.8 
2.1 
1.8* 
2.1 


57.1 (1) 
49.6 (2) 
' 59.0(2) 
49.4 (3) 


0.12 
0.14 
0.16 
0.10 


soIvents:( 


1) = isopropyl acetate, (2) = acetone, (3) = methyl eth\ 


rl ketone. 




Sample 


Physical F 


Properties of Hydrogel 


% H2O 
Content 


Clarity 


Wettability 


Strength 


OK (barrer) 


1 
2 
3 
4 


40.8 
36.4 
43.1 
37.8 


Opaque 
Hazy 

Very SI. Hazy 
Hazy 


A 
A 
A 
A 


1-2 
1-2 
1-2 
1-2 


71.0 
105.2 

103.5 





Example 8: 



25 This example demonstrates the fabrication of prototype polydimethylslloxane/polyether lenses from 
polypropylene contact lens molds. The reaction soluUon is made as in example 3 (sample 5) using Shin- 
Etsu X-61-a)4A (1000) MW = 2400 and 0.78 % BME. The soIuUon is pipetted into the lens mowTid 
cured for 3 hours. After extraction in water and boiling, optically clear, strong lenses are obtained 
Micrornechanical tensile tests perfom,ed on the lenses yield the following pioperfies: stress of 3.2 kg/cm^' 

30 Young's modulus 15.9 kg.cm* and a 23"% elongation. ^ ' 



Claims 

35 1. A macromer comprising a segment, Seg. of the formula 
<R- »-SiK(L)fc-R, »-Sil]„-(L)h-R,s -A-CL-R- j -A)„ > (I) 

wherein R.» is a bond or -N(R,).. or if R.. is not attached to a silicon atom, then R.. may also be -O- 

n*s »S -O- or -N(R' * 
R- is hydrogen. C -caikyl. or phenyl; 
40 n is zero to 3; 
m is zero to 3; 

h Is 1. or h may be zero when the atom of Sil to which it would otherwise be attached is carbon- 
each Sil is independently of the formula 



45 



50 



f3 f, 

"ffR2V(Si-0)y-Si.(R5VR,4-}" ^j^j 

R4 R4 



each L is independently of the formula 
and each A is independently of the formula 
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f7 ft R7 



■C-(C),— C-O 
R7 Rs R7 



R7 



I 



-C-<C)r-C.R,3- 

R7 Rg R7 



(V) 



wherein within »om,ula fV each and each Rs is independently t,ranched C,-,alkyiene cartwnvl 
CHr.; C,-.allcylene-(oxy-Cwallcylene),- or C,-.alkylene.OCH,VydroxyT:.a^S 

with g being an Integer of from 1 to 10; 
each b and each f fs independently 0 or 1 ; 
each y Is independentiy I to 200; 

" ^3 ImJ'u '"^^'^"''^""^ '^^^'"^ C.-..alky. and aryl of up to 12 carbon atoms; 

each Li and L2 is independently 
U 

- CO or 



20 



• CNH- in which the oxygen or nitrogen is bound to Rs. or 



- C - or a bond; and 
each Re is independently 
^5 (i) -{Ci -25 aliphatich or 
(ii) a group of the formula 

oTk-'^'^m '''^''^^^'^ meml^red cycloaliphatic or aryl of up to 25 cartwn atoms)-Q„„-(C. -^oaiiphatic)- 
» S ot ^" to 3^ " "^'"^ '"'^«P«"^«""y one. but if j is 0. then k is 0 and if j1 is 0. then kl is 0: 

each aliphatic group in the Re (i) or (ii) above is uninterrupted or interrupted at any point by Q- 

TofTJ^lS'^^T^''^' ^'""P °' P'> ^'^^^ unsubsmuted or 'substituted by 

one or more substituents which substituents are halogen, hydroxy. C.-,alkyl. carboxy or C. ^perilatoaikvl 
each Q is independently selected from uu^yoru, . zpemaioaikyi. 



9S 



40 



OR, 



R, O 



O 
II 



-0-C-N-, -N— C-0-. O-CO-.and 



0 O 
II II 

-CO-. 0-C 

Ri OR, 

1 II I 
-N—C-N- ; 



I 

-N- 



Ri O 
I II 
-N— C- 



-C-N- 



and within formula V: 

each r Is Independently 0-4; 

each t Is independently 3-200; and 

gCs 0?v)' beZr""' '"^ ^^^'^ ''^ independently selected from 

and subsmSfc '"T"' ""^^J'^t^'l^^d C.-..alkyl. subsUtuted C-.^alkyl. unsubstituted C.-„alkenyi 
and substituted Cj-ealkenyl. wherein a) the substituents on the alkyi and alkenyJ qroups in i> are 
.ndependentiy selected from fluoro. C-.alkoxy. C,-.. alkanoyloxy, C.-'salkoxy-cSh r'alkenylox" 
C(O)-. C3-.salkenoyloxy. aryl of up to 10 carbon atoms, aryloxy of up to 10 carbon atoms 7roy of uo to 1 1 
l^on atoms, aroy oxy of up to 11 carbon atoms, aryl (of up to 1o'carbon^2s,tyibX°^^^^^^ 
« ?-';^y'='°^'^7- f-'^'^'o^'kyO-carbonyloxy. (C3-,cycloalkoxy)carbonyl. oxacycloalky of up to 7 

SToxacvcToartor;^^^^^^ °' I!" '° J '«^'=V<='°^'koxy (of up to 7 carbon atomsAXny' 

u^b^HS^Lirbird^^^^^^^^^ r r/^^-^' ^^'"^ 

.koxy IS not bound to a carbon alrea/y I'- gj ^^^t^LlS OatTS "^^^ 
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to 



« h ? k'L I' ?*-'«a"<anoyloxy. C-salkoxy-qO)-. Ca-,taJkenyloxy.C{0)- and CuaJkenoyloxy 
each of wh.ch may be further substituted by fluoro. aryl of up to 10 carbon atoms, or C,-«alkoxy provided 
that the ast mentioned alkoxy is not bound to a carbon atom which is singly bound to another oZZ 

1.1) anri of up to 10 carbon atoms. C,-,cycloalkyl. and oxacycloalkyi of up to 7 carbon atorns. ekch of 
which IS unsubsntu^ed or substituted by a substituent selected from those indicated In i)a) and b) ati>ve 
c,n^c^^^r^^!Z V° '° cycloalkoxy of up to 8 carbons, cycloalkyi (of up to 8 carbons)- 

C(0)0-. cyctoaJkoxy (Of up to 8 carbonsKarbonyl. aroytoxy of up to 11 carbons, oxacyctoafkoxy of up to 7 
carbons, oxacycloalkenyloxy of up to 7 cartjons. oxacycloalkoxy (of up to 7 carlin atornsH»tonvl 
oxacycloalky. (of up to 7 carlx,n atomsHarbonyloxy. aryloxy of up tJ 11 c'arbon ato^^^anSToyCof u^ 
to 11 carbon atoms, each of which is unsubstituted or substituted by fluoro. C.-talkyl. or C.^alkoxy 
prowded said last mentioned a/koxy is not bound to a carbon atom which is singly bound to anS 
^gen: and 2 adjacent groups R7 and Rs. together with the atoms to which they are attached ma^efine a 
5^ membered cydoalkyl. cycloalkenyl. or oxacycloalkyi ring or a 6-14 membered bIcycltrlSg 

Z The macromer of claim 1 comprising a segment. Grp. of the formula 
<R.s-A-{L-R,s-A.fe (D^h- (SegKL)h)p-Seg-((L)H-flu-Sil-((LVRu-SilJ,)- (ift 
wherein Ri«. Ris. I„ Seg. Sil. h and A are as defined in claim 1; 
m is an integer of zero to 10; 
n is an integer of zero to 3; 
p is an integer of zero to 7; and 
20 a and e are each zero or 1, but a plus e is 1. 
3. The macromer of claim 2 of the formula 
Cap-Grp-Cap III 
wherein Grp is as defined in claim 2; 

Jif « rtxr",'"'" " - ™ " - <=* p" 

Rt6(U)x(Rs)w(AiMtj)JJ(R,)M(Ls)e(RsMU)Th (VI) 
and fonnula VII is 

Ht7(U>,(R8)w(A,)v(lj)xIJ(R,)M{Ls)o(RsMU)T}r (VII) 
in which each Rs Is as defined in claim 1; 

T^H r ''J^^^X^'^lPendenVy zero or 1. but if w is zero, then one of x and 2 must be zero: 
eS ?is b^'oT' NiJ! " or 1. but if Y Is 0. then G must be zero and 1^4 must be one: 

each Ai and R9 is independently of the formula 



25 



30 



35 



40 




each La is independently 



45 



-c- 



■0-C- . -N— C- 



50 



riU.on!i SHI ^"^T '"^'"'''^ ^'P to «hich L, is attached is not a 

each L is independently 



5S 



-C-, -0-C- 



-C-O- 



-N— C- . -C— N- , -O-C-O- 



-N— C— N- 



or -N— C-O- 
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10 



when w is one. and selected from the same group as L3 when w is zero- 
each Ls is -C{0)NH- with the carbonyl attached Rg to J: 
each U is -C(0)NH- with the nitrogen attached to Re or R9; 
each R16 is independently of the fomiula 

R (VID) 



and R17 is selected from 

^° !! 1"®" ' '° « 's attached is a carboxy oxvaen- 

attached iJac^o^cSr^^^^^^ -"""^ "'^ which It Is 

as OH. OH. hal. -OR, , when the non-R, , atom to which It Is attached is silicon 

4. A macromer according to any of claims 1 to 3 wherein at least -^n «, „, a ..... 
mac«,mer of formulae Mil are homopolymerlc for not morfi ^5 Je^aU un£' 
<R-f-^lXZ-ArT>^ ' represented by Seg. of fomiula 

30 Wherein R,». R.j. Sil. L. A and h are as defined in claim 1 

wherein R... R.s. A. L. Sil. a, e and h are as defined in claim 2 and Seg. is as defined in claim S 

7. A macromer according to claim 3 wherein Grp is represented by Grp. Jdrnadl r ^ 
35 <s represented by Cap, of formulae R.s(U),(R.k,(a.)v(L, >- r5la) ^"'^ 

and * 

R-/(UWRfiUAiML3>v (Vila) 

wherein all the variables are as defined in claim 3. 

8. A macromer according to any of claims 5-7 wherein at lea<:t o/ ^, a ui . 

9. A macromer according to claim 3 wherein ^P^awng uniis. 

CH3 CH3 CH3 CH3 

SUis -CHCH2CH2-fSi-O^Si.CH2CH2CH-0. ; 



CH3 CH 



3 



50 a is one; 
e is zero; 

R11 and R15 are each -0-; 
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Lis 



O CH3 cHj 

HNC- 
U 

O 



h IS one: 

A is {CH2CH20),: and 
p is zero: 
m is zero: 

? f? 

Cap is -CNHCH2CH20CC=CH2 . 

20 CH3 

2^ Cap-Sil-L-O-A-L-Sil-Cap 

CH3 CH3 

wherein Sil is -CHaCHz-f Si-0)r-Si-CH,CH,- 

CHj CH3 

wherein y is 1 to 200. (especialty y of about 4. 7. and about 16): 

35 



to 



Lis -CNH-f |[^ 



with the phenyl ring thereof bound to Sll: 
m is zero to 3; 



45 



CH3 

A is -(CH2CH2O),. . -(CH2CH-OX. 
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each 



Cap,. iNH-Qp*-="= 
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12. A macromer according to claim 11 wherein al{ the variables have the meaning as defined in claim 
11 and wherein at least 30 % of the A blocks are homopolymeric for not more than 15 repealing units. 

13. A polymer fabricated from one or more macromers of any of claims 1 to 3 having in its fully swollen 
state a water content of at least 10 %. 

s 14. A polymer fabricated from one or more macromers Qf tjlaim 4 having in its fully swollen state a 
water content of at least 10 %. 

15. A polymer fabricated from one or more macromers of any of claims 5 to 7 having in its fully swollen 
state a water content of at least 10 %. 

16. A polymer fabricated from one or more macromers of claim 8 having in its fully swollen state a 
10 water content of at least 10 %. 

17. A polymer fabricated from one or more macromers of claim 9 or 10 having in its fully swollen state 
a water content of at least 10 %. 

18. A polymer fabricated from one or more macromers of claim 1 1 or 12 having in its fully swollen state 
a water content of at least 10 %. 

15 19. A polymer being a copolymer of at least 10 % of one or more macromers of any of claims 1 to 3 
and at least one copolymerizable monomer which is not a macromer of any of claim 1 to 3. having In its 
fully swollen state a water content of at least 10 %. 

20. A polymer being a copolymer of one or more macromers of claim 4 and at least one copolymeriza- 
bl© monomer which is not a macromer of claim 4. having in its fully swollen state a water content of at least 

20 10 %. 

21. A polymer being a copolymer of at least 10 % of one or more macromers of any of claims 5 to 7 
and at least one copolymerizable monomer which is not a macromer of any of claim 5 to 7 havina In its 
fully swollen state a water content of at least 10 %. • w 

22. A polymer being a copolymer of one or more macromers of claim 8 and at least one copolymeriza- 
ble monomer which is not a macromer of claim 8, having in its fully swollen state a water content of at least 
10 %. 

23. A polymer being a copolymer of one or more macromers of claim 9 or 10 and at least one 
copolymerizable monomer which Is not a macromer of claim 9 or 10. having in its fully swollen state a water 
content of at least 10 ?/o. 

30 24. A polymer being a copolymer of one or more macromers of claim 11 or 12 and at least one 
copolymerizable monomer which is not a macromer of claim 11 or 12. having in its fully swollen state a 
water content of at least 10 %. 

25, An ophthalmic device comprising an optically clear polymer of claim 13 or 14. 

26. An ophthalmic device comprising an optically clear polymer of claim 15 or 16. 
35 27. An ophthalmic device comprising an optically clear polymer of claim 17. 

28. An ophthalmic device comprising an optically clear polymer of claim 18. 

29. An ophthalmic device comprising an optically clear polymer of claim 19 or 20. 

30. An ophthalmic device comprising an optically clear polymer of claim 21 or 22. 

31 . An ophthalmic device comprising an optically clear polymer of claim 23. 
40 32. An ophthalmic device comprising an optically clear polymer of claim 24. 

33. The ophthalmic device of any of claims 25. 26, 29 or 30 which is a contact lens. 

34. The ophthalmic device of any of claims 27 or 31 which is a contact (ens. 

35. The ophthalmic device of any of claims 28 or 32 which is a contact lens. 

36. A method of con-ecting visual defects comprising applying to a patient in need thereof a visual 
45 defect correcting opthalmic device of claim 25, 

37. A method of changing eye color comprising applying to a patient a colored contact lens of claim 33. 
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